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(54) PIEZOELECTRIC ACTUATOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To make it possible to achieve 
miniaturization and to smoothly acjjust the transfer speed of driven 
members. 

SOLUTION: This piezoelectric actuator is provided with a first drive 
circuit comprising a first switch circuit 141 and a fourth switch circuit 
144 that impress a voltage to a piezoelectric member 26 in the same 
direction as the polarization direction to charge or discharge it, a 
second drive circuit comprising a second switch circuit 142 and a 
third switch circuit 143 that impress a voltage to the member 26 in 
the reverse direction to the polarization direction to charge or 
discharge it in roughly the same speed as the charging or discharging 
speed by the first driving means, a setting changing means that 
changes the setting of the driving time by the first drive circuit so as 
to make the driving cycle constant, and a drive controlling means that 
drive the first and second driving means alternately. 
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Qlfr^'&Sil^^ * 4 lWMOSiFE 
50 4 2 ©ifi?iJH!8#g^3ft MOSSFETf 
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^eies i 4 1 75S i 4 4 £mm$mm^*mi&-? zwm 
m^ms&mz. is-c<Dmm'wx&$i®& 1 4 5 

[0 0.4 1] mix* y*-0»l 4 1 ;MMM-«;*-f v 

^taJES 1 4 3&#tmi-£*>f 9f^Q3Mi4X^ 
y^SJESl 4 4S*j0tf4*-f 'Vfi?Q4iiN?t> 
*;i/FETt?fcS. 

[0 0 4 2] &4b\ wfllBl 4 lMf 37 

*5=-|!8&l 4 3©g$&&c£:, !S2;^ y^[5]S§l 4 
2St>'^4^^ » ^@]8&1 4 4©^jSdi:©P^{CBES 
£P*t 2 6 A* J£M (Sffifejft c #£ESgB# 2 6 ©£EP P T-tjx 
*#«#lfll*aE*fc:bT+«©««2 6 1 C»«$ft, 
jg^d*sjESg|5«2 6ffl-fJ|CDS®2 6 2 ESSRSft 
5. ) ?nt7'J »S>H»1 4 StfttjASfu tft2>W 
y^UBSl 4 2Wa4X-f y^lHB&l 4 4ffl#FET 
©y-hfcttKK-'VI/X^lllB&l 4 5i)J-e©itg« 
Six, ^^ElESl 4 lMf37-f y^EJB&l 

4 3 ©#F E T©y- h {Ct±IE»;^;i/7^lHlES 1 4 5 

t s &.m®mi 4 7fcfl*bT««5SftTv^. 
[0 0 4 3] z<Dmm®$8i nzx^x, mm&&, b 

«3ft«E«gMf 2 6©^«§^raif±ffi^{c^-ri,ci: 

mmcDiEmti^ jeesss«2 6*^EPP©^isit^is^ 

IRVmiZJ y^ES&l 4 4ttm«gB*T2 6fc*Tb# 

mxmtmxfa (^a*9fi»s*ifli) £SE»mEE+v P 

* EP jjp b T «B?M«E V s Ifi + V p h 6 * T* MM? Z> 

mie>mm®& (»§ 1 ©ig»^®) fcarasu i2^>f 

4 2Mi37-f y^HB&l 4 3 tt£E«»» 
2 6t*ru^fll*lRl4:3Si*filCK»flM + VpftW*nb 
TSSl©Sg»lH]B&£££,^S®i^£;KSU ifg^ 
K«JIV s Vp *T*5E«-TS^ 2 oenUKft 

(*2©k»^®) zmm-r setters. &m&tt2 

6A«S|2©K»EIBtJ;»)-VpC^«arnSi:, IS 1 
©IKttH]IK{i^©5£*«^f*S(«b, ^©»£+Vp£ 

[0 0 4 4] JE*»«2 6*H4i:ttaj#fq|fc:» 

SSI 4 3#E*a5»2 6*#^ftfcl3#fafc3fe*-r4 
SI l©fg«j®S&i:&»K iU^ •y^-Httl 4 1WI 
4*>f **HH&1 4 4#EESgB*f2 6 £4Mffi#fti:»!2r 

[0 0 4 5] Cl©«tdt|g«J|5]gSl 4£:EE*gW2 6fc 
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X 7'Jy«14 6 SfllfiS, bfc»£\ HE 26C 
{i-Vp~ + Vp©SJBE*SEPiD$n-5©T% ^{ffi^UBE 
SSPM2 6©lBft>SEE#2 VptfeS^ BftttStit 
<g«£ET- * o T 4) £{4fi©* * V 7" * -x * * 

[0 0 4 6] El 5 tefc, ffl»-n;i/**£EH» 1 4 5 ©fltftE 
^J^^1-^D y^|2T*&So ^©0t*3V>Ts ffiift^^l/ 
*2g£[E]g& 1 4 5 «u 1 2 5 ns©^D-/^/VU7^ai 

titZTkgkftm^mtDmmm? 150^ asa^ 1 5 

10 0A>e>ffi*£:J-l3^;i/X{s^£#^> h7v ^Si^ 

^©^^^ hm.*mt>irz,*io>z isi^ii 

/VMCJlM^tSfclftCiUt'J 15 2^ J£ 
SSI5W2 6 C*T-rS3(E«KHHIft»«-rSfc»©JB2/ J E 
U153t Ztlt>m 1 ^ 'J 1 5 2&t>-Sf§2^'J 1 
5 3K:Btj£©»«[ (B#K) S-fey b-T5Ci:^J:t)!Sg«; 

^^©on/off*^ * yv&fflm-fzswxmffl 
m» i 5 ttzmnx^Zo tits, fi^y^ ism, 

ffeiM-SSBlttttSl 5 5*6'Jtv Hf^tfA^Sft 

*©*•>> htts-fe*D{c;-fe^ h-r^c 

20 [0 0 4 7] Sfe, mm>V\/X%&Mt& 1 4 5 tts S 
fc, j|l^€iJ152ffl-fes>HI (T M ) 1 
5 l*t)tB*$n5*^> hfiS (Tc) t^Jtit-rSi: 
ftjc, (Tc) As-b-vbffi (T M ) tr^bfei: 

# (t c ^Tm) cyt!» hm^s*<>>^ i 5 new* 

-rsSBlttR&l 5 5i:, ^2^^E U 1 5 3 ©-fey Hit 

( Tim) fcA*>^15 1*6ffl**nfeA*>h« 

(Tc) ^£Jt«<-r5c:rt£, (Tc) tfty 

Hit (T N ) ctt)*/jN^v^c:§ (Tc<T H ) izj\-im^r 

"h" ^m^j-rs-^ (Tc) tf-feyHB 

30 ( Tk) taifcti (Tc^Tn) (cu-fi^ "L" ^ 
mti-$-zm2itm&i 5 6t, $tOTgP2 2*>e,©m^j 

IWfl^^a-3v>Tl;^-r2.*.©T-feoT, HMWU;*W 
*B#{c§|2it«t^l 5 6A^e.©Hi*S:iKtt^;UXc:bT 
m*bv B»/'Vi'7m*ffil:W?l±K»<'Vi/7ft-'N-ftt» 

[0 0 4 8] C©«t-5t*j«Siifc«»-'Vl'7lS4iai& 
14 5tt, 06tc:7p-r«fc-5fc, *^>^ 1 5 l©*>i/> 
Hi (Tc) ^12^^) 15 30^9 HX (Tn) (dj* 

40 ^*SD-(I^{C«J»)#t)!5, $e.{CB#raA s . ) S3®bT*'> 
>^ 1 5 1©*^7> hffi (Tc) tfiH€'J152© 

■by Hi ( Tm) citsi:^ ta**jana»i 5 e*»e> 

i: §s RlWrtSB 1 it«<^ 1 5 5 5> U -b y Nft^A^ ^ 
>^ 1 5 1 1'tiitJ^ti, ^W:J;!)A'»^15 1©* 
■>>hfii (Tc) *H?cUC'J-fe«y ^©.tdt 
bT±flBffl»#* s iiS f) iS bUff ^ i i: iz «t t) fgtt^ 

a<j{-m±»cfn-2>ci:c^So cct\ Kw-'^^cffliw 

50 ^IS^Sfcto©^!^^') 1 5 2i:jESgBW2 6t^f 
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■rz>Jzmmm*mfe-tztzit)<Dm2** 1 5 3&o^ 

;i/^*i$ijffllg|5 15 4tt, ft 1 ©ffi»l!8&;aifft 2 ©E» 
®»©B»BSIB©ffl»Ift»!J£*-4*», XttBtefflW**- 

1 5 9 

[0 0 4 9] IB6CjR*vW«*©lHa»nit 1 

MftlX-f y^HESl 4 1^*4^^181 4 4 i: 
*>f>&3ft 1©B1&[I]S§* S B»;**U 13 6 ic^ "To -ft 
^©ttS^JWfflt 2C»2^>f >yfI81 42tf 3^^ 
>y^I]jlS143i:*>?>&Sft2 ©Bi&EIB&tfBI&^ftS 
ifcfcfc*. dd-Cv ft 1^'J 1 5 20*9 hfBfcfc- 
SClti^ i2^*'J15 3®-b-v rfif£^H1-3 
«fcoTBIWSI»ift-5£fc LfcttHT-ft 1 ©Bl&H 

ss©5)->WFa (Bimm) 1 1 £m2vmm®$&<D*> 
mm mmmm) t 2t*mm (^j.-^itfcfitt) 

t.ifi?§2>o £&s ftlp^'J 1 5 2©Hrv htt 

**je-rs^i:K«t-3tiisi©K»ia»©*»«iHit 1 

fc8 2©B»EIJ»©:*->J»IBIt 2fr£%SBKl£l&l&M 

[00501 H1CH!), gPW-fe >^ 1 6 fciu }&ffifta5 
*T3 0©lMTOtBKHrtlCBtt3JlT*!K MR E (Ma 
gneto Resistive Effect) i?^>PSD (Position Sen 
sitive Device) f©t>^tJ; tHif&^tlT^So * 
fc^ *«-fe>-9- 1 8aV5fc*»-fe>U-2 OtiU 7*h^> 

[0 0 5 1] ftiOTSB 2 2 HU jRJMDaifr'i CPU (Ce 
ntral Processing Unit) , H^D^^AWr-^ 
A s HBfS$nfcROM (Read-Only Memory) Mf-^S 
— B#eq(CH3tt^"?>RAM (Random Access Memory) 

tltt5V^TK»vt^|B^ia» 1 4 5;ip£>RlT^©7^- 
ttCv'Vl'^M^&tH^^-a-, d©ig»/Vl'^K:«t 5 

ft v<Dtmms&&xm 2 ©igftiiiss^^siciEio-r 5. 
-r&t>*>> mmm 2 2 1* % mixj ^mss 1 4 1 m 

ft4;W y^EBl 4 4*&&4»l©|gibia»^ ft 
2^-f y^HS&l 4 2SVi3^-f ^^[ilS&l 4 3A>£> 

& s ft 2 ©fg«j[s]s&^ s $icgtt zmmmffl^m* 

m$L-tZ° fW»»2 2i:tt, «£lES&SP*t 3 0©*£ 

©»»ausstta-rsfc«)©^-f v-3 6fc**»«*n 

[0 0 5 2] ±E©,fc3C«fiES*lfcEE«7 , **-J.3i— 
* 1 Ott, «£*©J:-5C3ta«iaBt:«aE*flHj|S-r4fc 

©ii]Kfii^A i £&&;£«^[S8&£8&ttTi^^©T-, b 

l&Slfi&l 4{iaJfg*PSf)®#^lp]SS«JE!£i:^-?»-i:* J T- 
:titi!) lEi&ESS 1 4 ©tt JltfliRlF/bSWb * j m 

&*u i o©/hfflfls*»ni«Bi:a*. 

S65l5©«t9C5S0tSlll8SC«mMliIBSSI9;(tT^ 
&^©T% Ettffi&2 6 £ttbT#ffi£fttl^fRl©SB 
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»«JEA s ffi*P$tifei:#©?t«3SJKt£E«W2 6 C*f 

nm&t&u&m- (-r&fr*N ,Esgi5»2 6jc*r-rs3S 

[0053] El 7 1£, El 4 fc^f E»Sl8S 1 4 ©Bf&^ 

;i/^^EiSi 4 s^saiijsnsei&^i/^kx #^ 

-fyfifQl~Q4®ON/OFFttli:, JESSM* 
2 6C8ttn£ftS|g»SE©$812£:&^-r £ 
©H|{C^1-«t5t> JEE«T^i:n-* 1 0©|gi!(B#{Z 

Q2, Q4i:A*$nS-^ B«MW;*#6*fclII» 1 4 

5^e>m^$nfcS8»^;i/x*sMtenifSi 47*^1-3 

«?Q1, Q4St>'^-T v?-m^Q2, Q3#3£S£2T 
>£&>J\ *©;*->SH|fflfcffi«S5*t2 6fc**bTB»* 
ffi v p A* Epia £ ft S c: h £ & -5 o 
[0 0 5 4] fit, ^SM»SBW 3 0 2 4© 

20 ftffitfj 6 «i!r (WT, d©#|q|©SEI&£ tie 

TffftBifrj ) -CBU ft 1©B«J[!S§©:*>83R€ 

1 1 £&2<Dmm®9&e>*>mmt 2i:©ttD (D = t 

1/ (t l+t 2) . WTs t^-tM JtD^l^o ) 
0. 5&T<DIM&$)>l^^m.K.®7Z.ZtiZ £-5C& 
«Kttffi«r3 0S£8fSM*2 4©S^ 
ffllfc:^»^#5»^ (WT, ;r©*|ia©B»£ r^fSj 
IKttj i:i>-5. ) T-(±, ft i©B»ia»©*i/WlHlt l 
i:»2©iEtti|l]S&©^>WKt 2 i;©:r JtD 
o. 5JW±©flURKj>cSv^K:a8!«S*i*J:-5t:a: 
30 ot^4. -T&fc>*K ##8UI!"T?Bu Et»»2 6C?tt 
S^fifc«aiS&l»SlHl— K:b> 3E^B#P^©7-*j--^>f It 

D^afefttsckCibE^^fix-* i ooig 

»*IrI (IE*lRlB»Xtta!*lRie») ft«»-T*J:dfc: 
ITi^, ^*5^ ^-f ffJUfQl, Q2liPf+>^. 
;ufett-$>5©-c% IKi&$<J»fi^-* s o — i/^;i/fflt§ 

JC*VtC)&>3^ X-f^f^Q3, Q4ttNft>*;i' 
FETT-feS©T% KttfMflWg^aW i^^;v©i:§(c 

[0 0 5 5] C©J;dic, jEE«gp#2 6lc^-T53t^* 
40 MJS^BSIal— t U ?E]K*^F^©7 :r J--7 L i'ltD©^T* 
JE«T^^-i3i— ^ l 0©^gi!;*fpI4^^J^WbTV^?,© 
Hu ^«*l^4:PI*ia^©3(l5«WflHIi:^a*Rli:a»*fiI 

-«©^TT-«5fg»gf5« 3 0 #fg»SB# 2 8 t^bT 
ffl*f»»-r S3i:^C)5:Si:V^5 nms« £31^ < * © "f 

^ o 

[0 0 5 6] 0 8 tt, JE«SB» 2 6 izMIr ZftfiLmMS. 
50 «©*ffi©»«J6*fcjjV*-H'Cfc;6. ^©0{cSc5^, 
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^«MII©^A-y4JfcDMKr6CfcCJ;?>WB 

[0 0 5 7] z<Dm8<Drmfc7jk-r%i&^ izms$tt2 
6 izfrmfifatmjsfawmmmfc&muztiz t #©& 

mm&muz ntz tzv&n&tt 2 e&vmm&tt 2 8 

[0 0 5 8] V>iU JI«SB#2 6{C^-fig^|S]i:(0l^ra© 
SU ^©JES^m 6£#fi§#ftfcM#|pJ©IK»BJEE 

- v p \sxmm-£i\tzm£s*m.mir% t^izm^ 

fcfffl^»^£^«iftt^£i;, JESSBM 2 6 fcfc, JESSB 
tt2 6|ft, |g«ia5«2 8, |g|gK;g|5«3 0^££?)& 

JE*gBW2 6tcigtt«ffi + VpASEpiD$n?)i:, <E«SB 
*T2 6ttiSiiT-*£<{tMlbfc^ bj&T-*§'.MC!|Eb, 
*©^t±Jg«ja<]fc{^i:i^/jNi: t) jig Lt c ^^ffl 
ffHSfc:?g*>3tf^T^ < (IH8fflc^^?>{g^T-^^- 

p&maztizt, nmx*;g <m>hi>fc&, fcs^tt 

[0 0 5 9] TT&;b*N ffiSgB#2 6 t^fbTs 08 {c 

- V p XftMZ a ^T*JE«gBW 2 6 icSJEE 
+ Vp*s^D^nT3ESA J fTt)nSt> JI«gP»2 6«i 
iSMT*b^^f#ft-rS-& 5 , ^©^JiffJIiiJS i ») 
V^J»KTJc^*Tf«/J^* (E18fa-bK©<lf^<t 
t)b-c^©M^* s ^A^'fe-S) . £ftfc«&|^-©ll# 

KttfiFtf 2 8 SffCDttSt cfc 5 ^d^SAH^ftfict S < 

[0 0 6 0] IB'MM^ffSJSIST-r* c;£©*^ 

^ >y (Z(Dt>J 5. >^tt^A-[Rlt|Bl*[qI-v55«bfe 

»©ff«»» 2 6 ©#jg;ie8ci&©#j i i^w^-©^ > 

^Cffla-T*. ) T'E*gW2 6£-Vp#EPiD£ftT 
M«#frfeft4fcrtfc-Vp-*as«Sft.6i:» ESSMtf 
2 6 tt-tCD*ffiffi«*>6HC djjtl*TJ»/J^»ff *fr«: 
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ff fcofci: S©»/h«fc3E^©-e % *©»/hJtflHia - 
b|ffl©{<MI&K<fc!> 5 o -Tfcto*>, c-dP^ 

©tt**tta-b|ffl©fa#J: 5 bm^frtteZo 
[0 0 6 1] f Lt, ^©$S^»^AMi(SSIT-rS^-f 

r©e«sm*2 Q<D#:immi)L<Dmi/2mmft<D*'( 

5>^CfflS-T4. ) d^T-Stf, E«SU«2 6tf|£E 

as. *arc««*»fi**fT&v\ bit* H9t^-r«ta 

10 CK»Sffi©«0i5tCJS bT±M©iEmgB*r 2 6 ©ffS§» 
[0 0 6 2] ±}£©JE«SB«- 2 6©fl»ttlWtsK:tf^ , t\ 

iwawMtrtarcfr ton, ss'jN»#tt* n«t t> *<e«t? 

8 #eautoft* i««©f±f!>B$T-teIg»W2 
8fcffi|gi!)g|5M3 0i:©HOi»Mffi<v ffi^©SC!& 
B#T-ttlE«>a5«2 8 fc&ig»jgi$»3 0 fc©|HI©J»**tt 
]«<&2>ChA>£ tUBIbStt 3 0 ttiMbft fc ©^IK»gB 

20 ^iK«ja5*r 3 o fctigiijgB «■ 2 8 <o'&m.m\zm b 
[0 0 6 3] a 9 hu ^a^M^&s^ra «fc *> s^ura 

©t^-tM JtD 3Igi&*E£J£«gf5*f 2 6 (CEP 

SB#F^ i ^)®V^m^©7 ^ i-7 i 'f JtD £#-T£!§Bi!j«JE 
^WADbfe^tt, ±a>©5EScS^JS©g|{^* s i5»K:* 

30 igl&gPW 3 0 ttKl&gP^ 2 8 ©S«»tjiS bT#ifji:f? 
±i:^^!)ilb, ^flKfcbTiE*lRH8»&ffa:-5ci:t: 

[00 64]fct, ta4{c4^V^T^ HMfM VI/ 
ESI 4 Sip^^—Tj itDA^o. 5 J:t)***i^»f« 
©tt**1-2>|gi&^^^A s tB^$tiSi;§tt> E«as« 
2 6&nmwmtigMM'b£&&mzmi)M?<DX-. & 

7^1tD#o. 5<tt)t>'h?v^«©fitS*-rsSElftf6iJ 
40 »{i^m**n*i:SHts £E«ffi«2 6*«fi»«»Sfc 
J«JftlB^i:**St:|«0iS-i-©Tf, l&IEi&SM* 3 0 (43£ 
jfg(5«2 4 ©ftSM (IE^(filIK»;) o 

[0 0 6 5] ^|g»g|5#3 0££5£bTFjfM©#|p)tC|£ 
tt^-H-Stctt, ±iE©±-5t:3)S««piH (H8©a-c© 
B#ra&#!^) (i^*|qli:|Bl*|pJ^3(£«bfe^©JE«g|5 
»2 6©tttSJH^©^liH^©WF4C, 5JS 
mrS (180c-d©WS#I) {i^-«B*|pJi:iS»#fpI 
{3=(ESbfel^©JESa5*f 2 6©«J5ffljgtlS©^l/2Jl 
JTC^JWHCttJS*-*©***?*^**, *K»cttE*» 
50 «• 2 6 ©3g«ffflJ» 2 4 ^©«lN-«3t^»B»tB« 2 81?© 
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5HKJ:»K EE«ffl$tt 2 6 RWmW)&ti 2 8 ©^{£89£ 

[0 0 6 6] Jfc*. ffitt/^^OaSSMRflfflO^a— 7 s - 
-Yj±D#£E»gpfcf2 SOftlMWRlCiEWcRWIlbTO 
&O^T-£oT&$iIgf&g[$«3 0£^jl — ^ JtDfc 
*J5i;-riE*ra«b<tt3t*|q|K:^»$*SC4:ttnI«6t 

& o 

[0 0 6 7] *fc % E*##2 6, fgffljSPW 2 8»tf» 
mm&tt 3 0 N®att«IXrt>*ff £ ^tlt H7CS 

IKl&^^CD^i— ibD£0. 5«fc*)fc>h 

■g\ ^jx-^JtDfcO. 5 iOtj^S^ffitC-rscii: 
Tf««tt*«3 0ftIE*lRlCi»»**5C4:*>HltET?* 
3. 

[0 0 6 8] HlOtt, JE*gP«2 6Ktt-f&ftW.mm 

1 1 (0 6 ic^-r* i ©ig»[i]ss©ig»B$p^ 1 1 ) fctt 
sn#p^t 2 m6iz7Ts-tm2(Dmm®m(Dmmmmt 

2) ^gftSEKilSBt p£ 1 3/zs~ 1 6//s©M 
rttl25ns -rogEfts*** 5f£«if#BS t 1 & 
9. 5//s~(t P -l. 5//s) ©iWtl 25n 

s r^sflss-e-fc t ^(D^mm^m 3 0 ©sii&gw 2 8 

[0 0 6 9] ccD«SS»iaA>e»iB6*>36:J;-5C, tUBifr 
gBfct 3 0 ©»3SgBfl!K©^»MJKfct, fEKjJSW 14.5 
A s % %nmf3 1 0 . 2 5A8jE2t*V^tli:ft 
?Jf«©lBHF«gT-(i^©^&4"t>(cfg|(;ffl^tpXtt 

©#»a*tt> IgU&JiOIW t p* 1 4 . 5 u s u 
3ESB§HS10. 2 5A4sA»e>«Jin*#4*&5b««*.3&: 

**3 0 ^JfE»gP» 2 8 ©lltfBfflJflB'N^ttS 

©t-ss*\ a»*s (igi&a5*r2 8 cD&wasffl) 

* * t s i: ^ if vmamtisism & m * - 1 # t * 

fco flU Wlg«ja5W3 0©$feffia5fl!l'N©^«J^Jgfi, 
UMMH14. ?E«B#P^ 3 . 2 

OTSSfc&tu ^©fEfflftT-tt^j&S^'hCIBiti 

mmtv (=t i +t 2) xitjzmmmt l&mt-tz 

tp£14. ^5SB#ra*3. 25«s 

*» *fcp $ * s *» «c f£ 6 *> c *fls -r 5 . 
[0070] ;:©&ig»a3«3 o©a^gp<ra^© 

*£lfr»JKfcfc, Ell lCw-i-i-St, lg»ra«Stp*l 
4. 5/zsC»5£Lfc»&s *S«l$IHIt 1#1 0. 2 5 
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MWtpS: 1 4. 5/zsfcRSU XMMVt 1*11 
/is~l 2>us©iKfflF , 3-r-^b^-lf-5^i:tJ;f)*&IBlb 

ft»»3 0ftttftffl»2 8©5fe«lffl«'N»»*#S»& 
tt, UUBftit p£ 1 4. %*&nt 
1*2. 5//s~3. 5/us<D&.mteX'9Mk£-&2>ZL£ 
C «t t) StlBi&gBW 3 0 ©*§EfW»£fT o <fc -5 t UTl> 

So cm *saresK:«i?siuiig 

*fc»"3< t)©T-fet), fflT^f ax-^ 1 0©i« 
[0 0 7 1] 11 2&Zfm 1 3 (± x #tlgftgi5» 3 0©j£ 

jK$iJ»*fTo$iJ»^2 2©tw^*ittW-rsfci&©7o- 

hT?&3o *?\ El7^?-ai- * 1 0©HB& 
©MK-f f ft 5 »»M*JBfcB!5£;*ft& 

m^mmm^^ ^3 4^>$n*:^s*A j wj* 
-fe>-y-2 oir^v^nfc^s^wj^n Ur»7# 

3) s £©*J^#1t^£ftSi:ffill&;vi>*©J3»3 (e» 
20 )«88) SRS-rsail^'t U 1 5 2lz ri 1 6 j (11 
6x0. 125jus=14. 5 jus) Y-£tl2> 

[0 0 7 2] ?5*lit^*ia^t-2»^2^^'; 1 

53CCT92J (9 2 X 0. 1 2 5 ju s = 1 1 . 5 ju 
s) ifi-bvhtfti (Xtv7#7) > J t©»fcK»-»'? < n/ 
X^DBSl 4 5A^|g»^Vl/^©(±5** J §a^^nS 
Ur<v7#9) o ^-f v-3 6ifimm$tlZ 

30 MigftgPW 3 0 CD»«UC*r«5 bTB#^A J * •> > 

(^7 i ^7'# 11), ?lt^V^Ta^W^r>+»•l 8 
a^^ftfc^SA^JSiJ^ftS (X^>>7*#1 3) , 

7.7- >?7#i3 •cfl^ffsssna i:B#ra*s^|^ (J i 0 

ms*HBabfc*»Siri»«*IB"J*n Uf v7#15) , 
[0 0 7 3] ^iS, 1 3T-fl«* s *«$nS 

tmm^ji^tiitiifi^it^ti i9),^ 

40 fc, ^r^7# 1 Sf^J^g^^^x^i;^ 

1 3i3RoTW^©«l#^?}igU^ff^n5. 7,7- v 
7# 1 5t*(t4l^ia©*IS'Jtt^-f v— 3 6^e.©tB* 

©WS'Jtt^W-feVIt 1 6 A»e>ffltb^fflt*^V^Tfft)n 
S. -T^^*»s -^B#F^ 1 0ms) ifimkf 

2»*T-ii> ffil&M^ 1 4 . 5/zs, 1. 5// 

tf, 10ms) ^jgjg-^ 5 ^ T . ca6J«ffi«K: IfStf 

nti±©^iti(i ;: ftg htt.z>tzihs wm> vix © m** s <$ 

50 itZtlZZtlZteZo 
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[0 0 7 4] Xr>>7# 1 TCWfelfiSfeiftlSk.&m 

susn (^fv7# 2 1) , ^©fij^tfg^^nsi:^ 

&. **t>%, ^IKI&g|J*f3 0O^«jgggt*s-^ M 

(0!l;U£> 10ms) Sr/liiLT'fo^teHrt (#I;L 
fc£, 22/zm~24/zm) C S o *. ttfgi&^W 1 4 . 
5 a s , 3feSB$Bg 11. 5 u s <Dm*X'®mW)&%! 3 0 

[0 0 7 5] 1 7T-*J«* J #«$tl2.i:^2 

^t'J15 3t rij^nlSn (0. 12 5jus£l* 
IfJjQ) (^ff7#23), J f©»Ci2^t'J153 

rv7#2 5) . X^^^#2 5T-*iJ«A J W^$n-5i: 
fg»/V^©m^* s <?lt£ft Urv7#2 7) , ■£© 

2 9), «rf^3&«»T-rS. ttefr*>. teSBttSMtf 3 o© 
i^i>SE^A s R)fSffl (fll*.fc^ 2 4 Am) *mz.Z£, ft 
«B#|g# ii. 5 u s A^JiB^tgjja^nT^l&^JKASIIi 
ftSUffStfl 2/zs{cjgU-t i feaiS-fe>1t 

[0 0 7 6] Xr^#2 1t«* s f^$ftS 

m2^^v 1 5 3*»e> ri j ifitmzn (o. 12 

5 As£tt!«'i>) Ur";r#3 1) N -£©^Jc|ft2^ 
€'J 1 5 3 ©-try hfB# rs 8j CfiSfc^l^g^fl 
S'J£ft3 (^^>^7°#3 3) o Xr'y7# 3 3T-*iJ^A J 
M^Wi:Xr->7#2 7CC^f^n> ^r>)/7#3 
3T-«g#S5££ft5i:;*7^7'# 1 ltSotJ.«ffl 

<D&mimti i ~imT& mm, 1 oms) zmmvx 

■feRff^ffi (^J^tS, 2 2/zm) £jSLT^&V^;S& > 

ftmrnrnv n. 5 a s 

)IS*iPM^n, 3ESB#P^* s l l//sKjlbT-fe*^-b> 
+M 8{m£Mb&v^tfc^m* s fco;fcfc©h¥iJ#rL 

[0 0 7 7] X^>y7-#3T-fl^S^^nS 
a«-fe>tM 8#;t>£ftfc*>S*>#WJ;**l (* 
r>y/#3 5) , Z<Dm%.&H7Z.£tl2>tmi**:V 1 
52C ri I6j (116x0. 125/ts = 14. 5 
as) #-feyb£;}x£ Ur>y7#3 7) . &;fc\ 
>v7#3 5 TffiigtfSSStlS SJg^^ v ^# 3 £ 

[0 0 7 8] &V>T% i2/tU 1 5 3C T2 4j (2 
4x0. 125ws = 3. 0 a s ) A*-t? >y h £ft (.7,5- 
y/#3 9) , *©«fcK»^;i/^3B^ia»l 4 5*»6 

&fr*>, ±&(D7.zr y r# 3 3 $ Tf JotSfcfgltlpW 30tf 
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T-&S©£*fU ^r^7# 3 7 £M«ttttU£9rffltt 3 0 
[0 0 7 9] #V->T% ^-f7-3 6^tt^tt-2>i:« 

n Ur>^#4 3) % m^m^x^-t>v 2 

>v^#4 5T*UE*«S«*n*i:»|«|*««ittf 1 0ms 
10 t«aifc*S*WJ*h Ur^7#4 7) , 

ASff^nS fcft^^©£««g«#0!l*.tt 2 4 //mS 

[0 0 8 0] 7,7- v7#45 -CWfeiA1tifeStl& 

fc**yw*©ffl;&#f|tjt;ar*i (Xf'y7#5 1) % 7 

tz, 7tv7#4 IX-mfe&^feZti&t, ^r>?7# 

4 S^RoTJ-^Cl&^AS^'JJlgbllff^tT-S. 
r#4 7K:*iW-«WflB©3pJSUtt^>f v— 3 6^fe©m^ 

20 fiD*i8ijt±»»-b>-y-i 6*»e>©ai^fitK:a-3v^Tfft>n 
5c -r&fr*., -jeisih! (earns, ioms) tm^-r 

5*T-{i, fgi&fflWl 4 . 5 as, ft«$RS3. Ous 

it, i oms) ■&mm-fzitx-iz9Gmfow.izm-rz£*: 

[0 0 8 1] 7# 4 9 T'«tfS^$iX5 J:5t« 

m^<D&mmm&mni£2 2 > amtc?ife'=iv>A^sA i * s *j 

S>J$tl Ur^7#5 3) , 3ffl!fi|«**S«Sn*fc^ 
30 f 'X 7*# 4 3 CSo TttBfflif^^i 0 1 bUff^ll 
So -rfcfr-^ ^IKi&a5*f3 0©^»gggiSAS-^B#F^ 

(^liLtf. 10ms) ftnab-rtw^ieHrt (mz. 

2 2//m~2 4/im) IC fe S 5 ttlgftHNi 1 4. 

5 >us, ?£SRK3. 0/is©^T-^iBK;gB«3 0*s 

[0 0 8 2] ^T-y7#4 9t-fl^f^ti5J:f 2 
^ * 'J 1 5 3 frt> rij ( 0 . 1 2 5jUs£ 

Ifffi'P) (7tv7#5 5) , *<Dmzm2*1=V 1 5 

3©-fe-y hfia* s r2 oj *it*»sa>#wj£ft?> (^t 1 

40 ^#5 7), ^^^7-#5 7T-*iJ^A s W«^n-2.i:ig 

»-^;^©a**«fltit*n (xr^7#5 9) , ^e©^ 
i) , »#* J «iT-ri)o ^-^t>*.s siigi!)a3W3 o©^ 

i&S»* s ^fa (^J^.«> 2 4>um) ZMZZt, 5(t« 

b§p^*s 3.0^ s frzmikm&t'ixx&mmmwmikis, 

O&Btcj^b&l^hlMi^^ASfeofe&ch^JIKbTiE 
50 [0 0 8 3] x^>^r#5 3T-*j«*s#s^ns 
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m2^^v 1 5 3t ri j mrnzn (o. 125 

>;i 5 30t9 h<i# T2 8 j £S£fe*>g*>#WJ£ 

Jh5i:^r5'7# 5 9 fc&fr^ft, ^ y :7# 6 5 T- 

^»)iIbllfT^n-?.o -rftto*K tteft»#3 0©& 
ftS§l8t#-5£l$fffl 10ms) *igiiUTt>Bf 

Sgfit 2 2/zm) HJtLT^ftV^StiU 3£ft 

B#M*5 3. 0/zsA^li*tiAD^nT^l&3ifi* J l«**a 10 

0 (ftBic& bft<^ & o & *> © i:*IBf LTIB 

fciCftSo 

[0 0 8 4] il4lt SEMI 4<D&Mm*m-tm 

SEMAb b.7-z.ii<Dia fc«lftR#8a*$ii4 d 

£>, Ell 5fcjjV*-«fc-5Cx EE*S»2 Btf + VpSV- 20 

VptC^^ftSSTC^tfig-^ftfcWCft*)* 5 , 

afcfcfllJftttftsttia 4 fcjjVT fcffl t H— TJft -So 

[0 0 8 5] H^tt***-***, 0l4Cgtg 

JfcWcft*. m©«»E]l&**JBlrt-S;x>f >^fi?Q 
lM^-f y^fg^Q 4©l^ftA>-#5miii3:£&;:tt?iJ 

fcttfitRfta«i-*fc»t> ^2©igib[nsss:«j5E-rs 

X-f l vff?Q 21^^ y-^SR^Q 3ffl^-f*V*»— 13 
■fo©h|5]«{c, 6#+VpM-Vpt3iSt 30 

#jiin 4 ic^-r & © h n— t- & -s o 

[0 0 8 6] $£>C, moMWaft**)**-*;*^ v 
^-«?Q v^-?R^Q4©VN-rn*»— SXttP 

Enssaus-rsx-r v^m?Q 25^^ ^*?q 3 

©v^^n^-*Xtt?6*CiS5Ut:ainiRftS6«5-rs«fc-5 
K:LfclI!fc««fc-rs;ri:*»T?ItET?;feS. C©*-£r, * 

•f y^fH^Q 1 y^-*?Q4©^-rn*»— *x 

ttf8*CB![?Ut:SStftR*aB«ibfct)OTJtts £E«Stt2 40 
6 & + V p ft S £ T? ©SO&jWB^jfcft * © fc ft 

t), *Y ffi?Q 2J3i.XfXj vf-mTQ 3(D^-rtlfr 

-*xa:P5* t isju c awe r * »«i u fe * © -e m« 
gPM2 eAs-vptc^m^ns^fc^^^^ftt) 
© c ft * v ^ rn©»^-e * a*w ft imp tt h 4 c ^ 

[0 0 8 7] s i 6 a, mmmm 1 4 ©ffe©«^j^^ 
-ruiT-feSo ^©iai ec^fe»isiRii 4' hu ek 
tc^-r*©^ 1 (DWMmv&*%mwmm*m&L-rz> 2 

o©*-f y^[I]e& (mi 7.^ v^EB&l 4 15^14^ 50 
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-f y*MHl»l 44) T-iSb, S§2©lgll&[I]ES£5E;&ft 

BK4flifigt-sfib©2o©^^ v*-eh» (^2^-r^^ 

OKI 4 2MI3^^f y^-HRU 4 3) TfllfSLfc* 
©T-fe5©(C*fL^ SS 1 ©ffi»H]6&^5£S[lIg&^*fi£-r 
S l^fflX^C v^-EIBS (Sg l;W ^^IhIE&I 4 1 ' ) T- 

*wtu *2©e«naeft««HBft«ij«-rsi-3©^ 

-T^SSS (SB2X-f v^Elfti 4 2' ) T-«fiKbfc4) 
©■Cfc-SjSnJffijtUT^S. ft*>\ *1, »2^-fff 
HB&14 1', 14 2'tt, 04KSt*Oi:H-Oi 
J6Rtft4K»-'^l'^»^ISIISl 4 5*>£Sg«j;VI/;*#{£ 
^^tiTIBl&A^M^n, ESSPW2 6ic(iKnflSP 

s *>e> mmms. v p * s ep im £ n -s £ -5 k ft o t v > s . 
[0088] -r ft to*,, 1 ;w * 

^0SS1 4 1' ft E*SB«2 6©^E|lPT-^-r^-fiB^ 
lRF***fc:LT+fli©«tt2 6 1 tCfgifrSffiVpfcEPflD 
U £E«»«2 6fe^a#(ai:PI*|R|C3J5«1-S*»© 
T% fgi&«?iP s t*®2 6 l i:©H(c^$*xfcP^ 

^>^;UMOSMFETA»e,ftS^-T '^IfQ5tffl 
JS£ftT^S. St«lH»*flt«-r*SB2^'f y^- 

llBf 1 4 2 ' tt, EESSW 2 6 ©®g 2 6 1 £JgiS! UT 
(-Tftto-fe, JESSBW2 6©Sg?fHSffi£*rUTi££lRl 
©SteS:-%-^T) JESSBW 2 6^r^*$^^TV^SS^^ 
»St-S4)©T% Sffi2 6 1 Xi:©P^tc^M^tv 
fcNft>^;i/MOSSFETA>t,%5^'f >y^^Q 

[0089] I17U, 016 fcj^f 14'© 
^-f'^*?CDON/OFF«ii:, £ESa5#(CEPiD 

^n?.?t««jE©?sff$fc$:^-rtiiT-fe^. ci©ia^-r 

iac, Ktt^V^fl^iilK 1 4 5 4»6It^*'« 

^^^Q6{i*7tft>), ff«aJ«2 6tt^ffi*iSli: 
|b)^|pI©SjEVpT-3S*^^ X-r->^«?Q6*s^> 
tcftofei:tt:(i^^ ^^?Q5{i^t-7i:ftt)> JE« 
gW2 6©3E««^r*»»«SixSCi:CftS. 

[0090] H4t^-re»iaHn 4 *mm®v& 1 4' 
©<t^t«^ufc»-&-e*, ^astwt i£tt«$i!iit 

2i:©7 ; ji-7 : -'f tbDAJO. 5 J;^)^)/J^$v^i:#{c{iIE 
^[SlIEtthft 5, *©7 : j.-^'f ltD*so. 5il?4)^: 
§v^h^{3tt^#[qllgl!)i:ft t), ia4ic^-T'fe©i:|5l«l 

[0 0 9 i] Hi8tt, Hi6 \z.m-r%mmm u' © 

£Bm*jrs-tmX'&Z>o coii8t^tt)Oli> El 
6£^4>©i:fi;W >>^?Q5h|g»*MPSfc© 

RSsaft-rsi-scLfcaTfffljtbTv^s. ft*. ±ib 

©iatffitaR^jg^^tlSCi:^^, il9t^t<t 

3(E*»#A J -»f u b^UtSrm^tvSST-©^^^* 1 
ftfcoCftSA^ »*W*IWIiIl 6lc^-r^©i:ra 
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[0092] *&, *4 vr&?Q 5 tmmnmp s t 

=£S£ftS*T-©^#ifg^A»k*>©fcfc!K yf- 

Htn©^***Wfet^H:il 6CSt 
*©i:P— t*So 10 
[0 0 9 3] *»W©HJBgffllt:«*ffi«7 , ^^-ii- 

© *je * ma b T S % 1 ©f gifiHSS £ , ESSB 

»c^a*tsii:a»*iRi©«Eftw*ouT» i©ttttisi«s 

Ci« 4: B§|S]-©^ST-5S»S^- 3 IB 2 ©SB 

Ig»a5«©fE»S#HT-feoT^l©iEK»^IS 

Kiss i ©■ttttN&vg 2 ©«■&*«£ * s $ 2 © 
e*n$ia©'j>s: < tt>-**m%.mmi-z>iS>%.mm^& 

SUMMITS ft MX.TV>S©T, «fc*«D.fc-5&S* 20 

^hbs*^® £ & 2, z t & dNM-fb* s qjti h & , mm 
mmtzmffiistzmm/vixx-mmztizztfr zmmffi 
M<D&mmig. ft nmizmm? 5 - 1 #t- § s «t a t & 

0 ©{&fJHb ftd&it -r 5 c 1 1» t- § s „ 

[0 0 9 4] &:}b\ *»iifc:«*£E«r^?-i^— ^ 

*©**WIfl&T!ifc«. ^J^Ji, ffi»g|51 2©«fiKfci0 
2StT03t:^t)©feJLM.ffl«fi£fc-rsc:4:*)lItlt?fe 

t> > mm®& 1 4 N H' *i«u^w-f 30 

tLT, 8^1 F E T x ^-iX-^ h7>->^^, GT 
O (Gate Turn-off Thyristor) ^fflMOSiFETW 

^©«?^/f v^m?%m^zzt.<bx-&Zo ^fes tK 
igi&a5«3 o©^K»Mjg©isgi5{±, ±mmmmmx-i±m 
mmm#~feiztez>±?iz\s-cftmmm*%£m-?hz£ 

T-fT^«t-5tLTV^S^ 3S«B$faXfc«fc«B$Hft^H 
[0 0 9 5] 

[*«!©»«] W±lftiHb&J:-5fcx 1 ©IfiWC 

«tn«, ffi«f*^^-H*fRJi:|B]#[pJ©»BE*EPADUT5£ 40 
1 ©«&*»£* ffi*flsK^«*fiIfcii»*|q| 

SB 1 ©BIWSIH.&trtS 2 ©B»¥®fc «fc SIS 2 ©Ig®jB§ 
10K»#S!tJB2cDe»^«fc*SSt:l8»-rsig» 

mm^mt&ffiz.x^z<DX'. >m<t&*jmx-w&®M 

i^-*ftf?Si-!J-S;ri:#T-£3o . 50 
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[0096] ffi#.JM2<D&mfc±tit£, miom 

Em£#@#|pJi:|5]#|p]£^S-r 
«»lo*tt«EII»i)»6a:!3» £2©raMB!& El 

£E*<*fc#a#fflfcffi#ffica«***2©3&R« 

E©2fg©«E#iBtt«£EfcbT#l&;**U fffilffi 

[0 0 9 7] if^SC^B^fctnJi. IB1©3£ 

SSB2©*-f y*-^®4:ft«IM.H 18 2 ©JSHSIfllSStts 
-^AMBSKftttSfU flfc^#Hit{*©{fc£*£jg 
ttSftT&*SB3©*-f v^Si:, -#«WEE««:© 
-*«HK:SBtt*n, (teSW«%£ftT&3l8 4©^ 
v?-3M8i:ft«lliLT^S©T* BMrlsIB&4>&V^[e]&3k 
*U ES7'^^a^-^©/J^b#fiyt$tL 

So 

[0 0 9 8] 4 CflHBCiWi, IS 1 ©B 

«>^ia«iE*<*^da^isi t is]^[Ri(c5t«-r s ?s«ias& 

fr&fcfK »2©B»*mtffi*#fc»«;*ft&«Sft 
®£S-rsSC«EI8SA>e.5a:oT^S©-es 3SSB#H^»tS 

[0 0 9 9] *fc N »*a5©fSWCJ:nHx 
t»«5ShT3S:S»l©^>r s»^-*S*ffll*x 

{±x -*is*sEs»©-*4gt^$ii, mjsm&mm 
ztixtezm2<Dxj v ^m*ffiz.x^z<DX\ mm 

©/j^b*s(isyt$nso 

[oioo] Jt*a6©»wt:j:nttx afts*H 

*«tt, K»«J«4«-«i:«:*«tdCSISl©e»KfMA 
O t ^2©Igi!;Bt^^^H-rs*©T-$)S©T\ SM/SB 
Wffl^it/MJKS P3»t ^ST * z £ ifiX § 5 . 

[oioi] St, w*ffl7©»iHKj:n«, aa«*M 

^l&fcfcx IB 1 ©|g»;ll#SX{il« 2 ©|g»B$ra**H^-S 

ctt«t»»i8»fli»Bft*a"r*4(©T?ft*©"ifx «tig» 

[0H©«#^^] 

[HI] *^©-aiIC#5El7^fax-^ 

comm^m^&o c^-r t'd >v ^ mx- s . 

[0 2] 01 £?s-rff*T^i^-*©|g»gB©fi!f!S, 
[03] 0l(C^1-E«T^^i^-^©«IESia5»© 

«i£0y * ^-r vf lit- ;& s . 

[04] 0l{C^1-EST^^i^-^©fKl&Ill^©« 
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[05] B4t:^-re»|HlBHc*{t4K»-'^l'X«*feig 

[16] H5fc^-re»>»^i/^i8^ii«i©sw^*Kifl-r 
[0 7] H5fc^-re»iaefc*»-4e»^v^4: % & 

[0 8] 3dsM«aue*«B6Bi-T?, 3&Mwm<Dra.-9- 

Jo U fc t & ©3fcIgi&a$M©i&*;tt^£ l&sE-r 5 fc &©0 
[0 10] JESa5#^i-€.5£«BtHi:|gft^^fflM 

[011] j£mmmzft?zftw.mmtmmsitt<D& 
mmmt<DM&*m-fmT'&2> 0 20 
[012] 0 1 Km~?mm?>??-3-^-z<Dmw*m.w 

[013] 01 ICw-J-EEmr^^-aai-^OiM^&BlW 

[014] H4c^-rK«na»©«jB«ftw-j-iaT*fe 
[015] 01 4Ej]%?Kftimc£i*«aflb'wx 

[0 1 6 ] 0 4 K^-rK«iia»cDflb©««0!&^-rBn? 30 
[0 1 7 ] 0 1 6 c^-reiwiBc^B-s*^^ ***s 

^©ON/OFFtti^ ffi««»KWi0*n*31Stt« 

[0 1 8 ] 0 1 6 ^m-t%mmm<D^m^m^rm^h 

[02] 
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[0 1 9 ] 0 1 8 C^f K»lsI»K:*ttS«-^'f 
[02 0] tfefe©^ >;1* h^©JEST^^i^-^© 

[0 2 1 ] 0 2 0 K7v-rE.n7**3.^-*<DmmiB\m 

[02 2] 02 OtC^TJEST^^i^-^olgftlim 
[02 3] 0 2 Olcw-rffiMr^^-iai— ^offi«naiS 

1 0 flE«T^^ii-^ 

1 2 Igi&gB 

1 4 fg«j0E& 

16 ffi»-fe>tf 

1 8 SJS-b >tJ- 

2 0. 

2 2 fHfllSlS (IKi&SiJW^S) 

2 4 ^*#ffl*f 

2 6 ffHSW (EES») 

2 8 mmffiw 

3 0 

1 5 9 BSMH^IS 

141 mixj vf-mtn (SBi©K»*a) 

142 SB2^-f v^-IhIB (»2©K»^a) 

143 83*>f «v?-|g» (SS2©«»*®) 

144 gS4*<f y^0f§ (fg 1 ©IM&3M8) 

Q 1 , Q 5 y^-JK? (tg 1 ©*-f y^©) 

Q2 *>f y?-J*P (»3©;x-f y^S!) 
Q3 >W **-J*f (i4ffl^^ *^J£) 
Q4, Q6 ^-f'^*f 2fflX^f9f¥S) 

ps immkb 
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